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(54) Abstract Title
Reducing transmission power in response to a detected decrease in available battery power

(57) A mobile communication device, which may be a mobile telephone, comprising means to detect a
reduction in the available battery power by detecting a corresponding reduction in its transmit power. In
response, if a reduction is detected, the device sets its transmit power to a reduced second level which will
take less current from the battery and therefore prolong the life of the battery. Furthermore this process may
be repeated and the transmit power may be reduced in steps of about 2 dB to lower the transmit power level
each time a further reduction in the available battery power is detected. To detect the reducing transmit power
the device may monitor a feedback signal 21 from the transmitter 19 and use a comparator 15 to determine a
reduction in the transmit power. The device may also comprise means to deny a request from an external
system to increase the transmit power. The device may also provide a visual or audio alert that the transmit
power has been set to a lower level.
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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A Mobile Communications Device

This invention relates to a mobile communications device, and particularly to a
battery-powered mobile communications device. The invention also relates to a
method of controlling the transmission power of a battery-powered mobile

communications device.

Mobile communications devices, such as mobile telephones, personal digital assistants
(PDAs) and so on, are becoming increasingly popular. This is principally due to the
fact that they can be battery-powered and so are portable. One of the main problems
associated with such battery-powered devices is the limited time over which sufficient
power can be supplied by the battery before it needs recharging. As the battery power
becomes low, it is normal to warn a user of the communications device (e.g. by an
audible alarm) so that use of the device can be terminated. Shortly after the warning,
the communications device is usually configured to shut down completely. In the case

of a mobile telephone, this often results in calls being dropped.

Conventionally, the voltage of the battery is used to determine the level at which the
user is warned of a low battery level, and the level at which the communications device
is shut down. This is non-optimal since different batteries will have different
characteristics, some of which may vary with other factors such as temperature.
Therefore, the voltage level at which the waming and shut down event occurs is often
predefined at a level which is higher than the minimum level at which the battery can

actually maintain the transmit power to a useful level.

According to one aspect of the present invention, there is provided a mobile
communications device comprising: a battery; a transmitter; and a power control
circuit; wherein the power control circuit is arranged to set the transmit power from the
transmitter to a first level, to detect a reduction in the available battery power by means

of detecting a resultant reduction in the transmit power; and, in response to the detected
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reduction in transmit power, to set the transmit power to a second level which is less

than that of the first level.

Accordingly, the device monitors the transmit power (which may be initially set to the
first level by a mobile communications network) and, when the degrading battery power
causes the transmit power to reduce, the device is then intentionally configured to
reduce the transmit power to a second, lower level. This has the effect that the amount
of current taken by the transmitter is reduced, and so the battery voltage will increase.
The overall effect is that the remaining life of the battery will be extended. The second
level should be set to allow the communications device to maintain a connection over

the mobile network, e.g. with a base station, so that use of the device can continue.

In the preferred embodiment, the power control circuit comprises a comparator and a
power controller, the comparator being arranged to monitor a feedback signal from the
transmitter and to output a control signal to the power controller, the power controller
being arranged to reduce the transmit power from the first level to the second level in
response to the control signal. The power control circuit may further comprise a latch
between the comparator and the power controller, the latch being arranged to receive
the control signal from the comparator, and to output a latched version of the control

signal to the power controller.

The power controller preferably comprises a microcontroller unit which is configured to
set the transmit power at the first level, and to the reduce the transmit power to the
second level in response to receiving the control signal from the comparator. The

microcontroller unit may be easily programmed, e.g. with the first and second levels.

The mobile communications network may command an increase in the transmit power
of the communications device in response to network receiving a signal at the reduced
(second) transmit power level. This is how conventional mobile telephone base stations
work, i.e. in an attempt to maintain a particular transmit power level if the signal
becomes unintentionally degraded, e.g. if the user goes through a built-up area. In this

case, however, the reduction in transmit power is intentional and so the power control
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circuit is preferably arranged to deny a request to increase the transmit power from a

system external to the mobile communications device.

The power control circuit may be further arranged to detect a further reduction in the
available battery power by means of detecting a resultant further reduction in the
transmit power, and, in response to the detected further reduction in transmit powet, to
set the required transmit power to a third level which is less than that of the second
level. In effect, the power control circuit may continue to decrease the transmit power
in predefined steps in accordance with the reducing battery voltage causing a reduction
in the transmit power from its current setting. As such, the user may continue to use
the communications device for longer, or until the signal becomes so degraded that the
link being utilised is effectively useless. The overall effect, however, will be a

prolonged and more efficient use of the available battery power.

The difference between the first level and the second level, or between the second level
and the third level, is preferably in the region of 2dB. The power control circuit may be
arranged to output a visual or audio alert in the event of transmit power being reduced

by the power control circuit.

The device finds particular application is provided in the form of a mobile telephone,

for example, a GSM telephone.

According to a second aspect of the invention, there is provided a method of controlling
the transmission power of a battery-powered mobile communications device, the
method comprising: monitoring the transmission power of the communications device
to determine when the transmission power falls below a first predetermined level due
to a reduction in battery power; and automatically reducing the transmission power to a

second predetermined level in response to the detected fall.

The invention will now be described, by way of example, with reference to the

accompanying drawings in which:
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Figure 1 shows a communications link including a GSM mobile telephone; and

Figure 2 is a diagram shov&;ing the elements in a circuit of the GSM mobile telephone in

Figure 1.

Referring to Figure 1, a simple communications link between a GSM telephone 1
(hereinafter referred to simply as “the telephone™) and a cellular network base station 3
is shown. The telephone 1 is powered by a battery 2, e.g. a lithium ion battery. The
communications link is represented generally by the reference numeral 5. The base

station 3 is one of a large number of such base stations making up a GSM network.

The GSM network acts to control the transmit power of the telephone 1 via the base
station 3. The base station 3 initially commands the telephone 1 to use a specified
transmit power level. When the telephone 1 is used for a call, close loop power control
is used to maintain a particular level of service. In other words, the base station 3
monitors the signal being received from the telephone 1, and commands the telephone
to increase or decrease its transmit power in increments of 2dB according to the
magnitude of the receiver signal. This acts to maintain a particular level of service
between the telephone 1 and the base station 3, e.g. by increasing the transmit power if

the signal is degraded, for example by terrain.

Figure 2 shows elements of a circuit 6 making up the overall circuitry of the telephone
1. The main elements of the circuit 6 are a battery 2, a microcontroller unit (MCU) 7, a
digital-to-analogue convertor (DAC) 8, an amplifier 9, a power amplifier 11, an r.f.
coupler 13, a comparator 15 and a latch in the form of a reset-set (RS) flip-flop 17. The
battery 2 provides power to the power amplifier 11 which drives the antenna 19 via the
r.f. coupler 13. The MCU 7 provides digital control over the level of the transmit
signal, including setting the initial level commanded by the base station 3. DAC 8
converts to an analogue signal a power control signal which is input to the amplifier 9,
via a resistor R2, the output of which is used as a control signal to the power amplifier
11. A feedback path 21 is provided from the output of the power amplifier 11, via the
r.f. coupler 13 and a resistor R1, to the input of the amplifier 9 at a node D. The
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comparator 15 receives the signal at the node D, and outputs a “high” signal if the
signal at D is greater than a reference voltage Vref at the negative terminal. The output
from the comparator 15 is 'input to the RS flip-flop 17, the output terminal of which is
connected to the MCU 7. A reset line 21 connects an output pin (R) of the MCU 7 and
a reset pin of the RS flip-flop 17.

In use, the telephone 1 uses closed loop power control to ensure that its transmitter is
outputting the required transmit power level. Initially, this is the level commanded by
the base station 3, the MCU 7 outputting the appropriate power control signal via DAC
8 and R2 to the amplifier 9 which sets the power amplifier 11 accordingly. A small
proportion of the output power is fedback via the feedback path 21 to the node D at the
negative terminal of the amplifier 9. Under normal conditions, the difference between
the signal from the MCU 7 and the fedback signal will be zero, and so the power level

is maintained at the required transmit level for as long as it required to do so.

The amplifier 9 is monitored by the comparator 15 (more particularly, the signal at the
node D is monitored by the comparator, the signal at the node D representing the
difference between a proportion of the transmit power output from the power amplifier
11 and the demanded power). As the battery voltage falls, the difference between the
signal from the MCU 7 and the fedback signal becomes non-zero, and is detected by the
comparator 15. The output from the comparator 15 is latched by the RS flip-flop 17
which outputs a “high” signal from its output pin Q. Since the output from the
comparator 15 is likely to be transitory, use of the RS flip-flop 17 captures any high

signal from the comparator.

The MCU 7 regularly checks the state of the Q output on the RS flip-flop 17. In
response to this “high” signal, the MCU 7 is programmed to reduce the transmit power
level by outputting a modified power control signal for controlling the power amplifier
1T accordingly. Here, the transmit power is reduced by 2 dB. Preferably, it is at this
time that the audible and/or visual warning is given to the user to indicate that the

battery voltage has fallen below a predetermined threshold. The MCU 7 also outputs a
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reset signal from its reset pin to reset the RS flip-flop 17 so that the Q output is low

once again.

As far as the base station 3 is concerned, the telephone 1 is still signalling that it is
transmitting the correct power (even though it has been reduced by 2dB). The
reduction of 2dB results in a reduction of the current taken from the battery 2. This has
the advantages that (i) the voltage at the power amplifier is increased, and (i1) the
remaining charge in the battery will last longer than if the transmit power had not been

reduced.

The reduction in transmit power will result in a reduction in received signal strength at
the base station 3. As mentioned above, the base station 3 will attempt to increase the
transmit power of the telephone 1 unless it is informed that the demanded power is
already at its maximum level. Accordingly, the MCU 7 is programmed to effectively
disable the power control by freezihg the demanded power level at the last power level

received from the base station 3, before the power level was reduced.

The above procedure is repeated again as the transmit power falls due to the battery
charge running even lower. Again, the transmit power is reduced by a further 2dB,
with a further warning being given to the user. This waming may be slightly different

than that previously given so as to indicate the further reduction in battery power.

The reduced signal level at the base station 3 will result in a reduced signal to noise
ratio (SNR) which may lead to a higher bit-rate error on the communications link 5 (the
uplink only). Ultimately, as the transmit power decreases, this will lead to the
communications link 5 being dropped. As is known to those skilled in the art, this
occurs when the so-called frame erasure rate on the SACCH control channel of the
communications link 5 approaches 70%. Before this point, the communications link 5
will be maintained, albeit with a reduced audio signal quality. However, such reduced
signal quality is still highly preferable over the conventional system whereby the
communications link 5 would have been dropped at a predetermined battery power

level, regardless of the individual characteristics of the battery 2. Ultimately, the end
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result of the circuit 6 of the telephone 1 is to allow a gradual degradation of the service

(on the uplink only) rather than the call simply ending.
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Claims

1. A mobile commuﬁications device comprising: a battery; a transmitter; and a
power control circuit; wherein the power control circuit is arranged to set the transmit
power from the transmitter to a first level, to detect a reduction in the available battery
power by means of detecting a corresponding reduction in the transmit power; and, in
response to the detected reduction in transmit power, to set the transmit power to a

second level which is less than that of the first level.

2. A mobile communications device according to claim 1, wherein the power
control circuit comprises a comparator and a power controller, the comparator being
arranged to monitor a feedback signal from the transmitter and to output a control
signal to the power controller, the power controller being arranged to reduce the

transmit power from the first level to the second level in response to the control signal.

3. A mobile communications device according to claim 2, wherein the power
control circuit further comprises a latch between the comparator and the power
controller, the latch being arranged to receive the control signal from the comparator,

and to output a latched version of the control signal to the power controller.

4. A mobile communications device according to claim 2 or claim 3, wherein the
power controller comprises a microcontroller unit which is configured to set the
transmit power at the first level, and to reduce the transmit power to the second level in

response to receiving the control signal from the comparator.

S. A mobile communications device according to any preceding claim, wherein
the power control circuit is further arranged to deny a request to increase the transmit

power from a system external to the mobile communications device.

6. A mobile communications device according to any preceding claim, wherein
the power control circuit is further arranged to detect a further reduction in the

available battery power by means of detecting a corresponding further reduction in the
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transmit power; and, in response to the detected further reduction in transmit power, to
set the required transmit power to a third level which is less than that of the second

level.

7. A mobile communications device according to any preceding claim, wherein
the difference between the first level and the second level, or between the second level

and the third level, is in the region of 2dB.

8. A mobile communications device according to any preceding claim, wherein
the power control circuit is arranged to output a visual or audio alert in the event of

transmit power being reduced by the power control circuit.

9. A mobile communications device according to any preceding claim, the device

being in the form of a mobile telephone.

10. A method of controlling the transmission power of a battery-powered mobile
communications device, the method comprising: monitoring the transmission power of
the communications device to determine when the transmission power falls below a
first predetermined level due to a reduction in battery power; and automatically
reducing the transmission power to a second predetermined level in response to the

detected fall.

11. A mobile communications device constructed and arranged substantially as

hereinbefore shown and described with reference to the accompanying drawings.

12. A method of controlling the transmission power of a battery-powered mobile
communications device, substantially as hereinbefore described with reference to the

accompanying drawings.
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